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Th is  paper w i l l  p resent  t he  recent  s t a t u s  o f  developments i n  moving t h e  Exxon Donor 
Solvent  coa l  l i q u e f a c t i o n  technology t o  comnercial readiness. 
r e s u l t s  f rom t h e  operat ions o f  t o t a l l y  i n t e g r a t e d  coal  l i q u e f a c t i o n  p i l o t  p l a n t s  i n  
which t h e  vacuum tower bottoms a re  recyc led  back t o  t h e  l i q u e f a c t i o n  r e a c t o r  system. 
The paper w i l l  g i v e  an overview o f  t h e  EDS coa l  l i q u e f a c t i o n  process and w i l l  p resent  
se lec ted  r e s u l t s  o f  t he  vacuum bottoms r e c y c l e  s tud ies  t h a t  have been undertaken t o  
date. I n  d i scuss ing  these s tud ies,  coa l  feed f l e x i b i l i t y ,  y i e l d  and product  f l e x i -  
b i l i t y  and p i l o t  u n i t  o p e r a b i l i t y  w i l l  be stressed. F i n a l l y ,  these r e s u l t s  w i l l  be 
summarized w i t h  a s h o r t  d i scuss ion  o f  t he  b e n e f i t s  and issues i n v o l v e d  i n  EDS bottoms 
r e c y c l e  development. 

I n  t h e  f i r s t  f i g u r e  op t i ons  a v a i l a b l e  w i t h  t h e  EDS process i n v o l v i n g  l i q u e f a c t i o n  and 
bottoms process ing technologies necessary t o  p rov ide  t h e  requ i red  f u e l  and hydrogen 
a r e  shown. 

I n  t h e  EDS process, coal  i s  s l u r r i e d  w i t h  a hydrogen donor so l ven t .  T h i s  s l u r r y  i s  
fed i n  admixture w i t h  molecular  hydrogen t o  t h e  l i q u e f a c t i o n  system. The r e a c t i o n  
products a r e  separated by convent ional  f r a c t i o n a t i o n  s teps i n t o  gases, l i q u i d s  and a 
vacuum bottoms stream. P a r t  o f  t he  l i q u i d  stream i s  c a t a l y t i c a l l y  hydrogenated i n  a 
f i x e d  bed, hydrogenation r e a c t o r  i n  t h e  presence o f  molecular  hydrogen and becomes 
t h e  donor so lvent .  The hydrocarbon gas can be reformed t o  produce process hydrogen, 
i t  can be so ld  o r  i t  can be burned as a process f u e l  gas. 
product  f rom the  EDS process and a r e  q u a l i t y  d i s t i l l a t e s  b o i l i n g  below 1000°F. 
Options f o r  the vacuum bottoms i n c l u d e  p a r t i a l  recyc le,  feed t o  a FLEXICOKING u n i t  
which produces l i q u i d s  and process f u e l  gas o r  feed t o  a p a r t i a l  o x i d a t i o n  u n i t  t o  
produce hydrogen o r  fuel gas. 
i s  n o t  s u f f i c i e n t  t o  meet t h e  necessary f u e l  and hydrogen requirements, a d d i t i o n a l  
coa l  can be used as feed t o  a p a r t i a l  o x i d a t i o n  u n i t  t o  supplement hydrogen and fuel 
manufacture. 

Th is  paper w i l l  address r e s u l t s  from t h e  l i q u e f a c t i o n  s tep i n  the  EDS process; o r  i n  
F igu re  1, t h e  shaded p o r t i o n .  
comparative purposes on ly .  

I n  t h e  development o f  t h e  EDS process, ex tens i ve  use has been made o f  smal l  i n t e g r a t e d  
coa l  l i q u e f a c t i o n  p i l o t  p l a n t s  o f  75 pound-per-day and 1 ton-per-day feed  coa l  capaci- 
t i e s .  I n  
t h e  s l u r r y  p repara t i on  area, coal  i s  s l u r r i e d  w i t h  a r e c y c l e  donor so l ven t .  The smal ler  
u n i t  uses a batch p repara t i on  technique i n v o l v i n g  manual a d d i t i o n  o f  t h e  so l ven t ,  
crushed coa l  and bottoms ( i f  r ecyc led )  on a s i x -hou r  frequency. The l a r g e r  1 ton-per- 
day u n i t  has continuous s l u r r y  p repara t i on .  
us ing  h igh  pressure p o s i t i v e  displacement pumps. 

The s l u r r y  i s  mixed w i t h  hydrogen be fo re  preheat ing and f e d  t o  t u b u l a r  upf low reac to rs  
i n  both u n i t s .  The r e a c t o r s  a re  staged t o  achieve the  des i red  nominal res idence t i m e  
under s tudy and the  stages a r e  connected by t u b u l a r  t r a n s f e r  1 ines.  

The l i q u e f a c t i o n  r e a c t o r  e f f l u e n t  i s  separated by a s e r i e s  o f  convent ional  f r a c t i o n a t i o n  
steps. Gases a r e  separated by h i g h  and low pressure f lashes.  
m ine ra l  m a t t e r  a r e  separated from t h e  heavier  coal  l i q u i d s  by r e c y c l e  gas s t r i p p i n g  i n  
t h e  sma l le r  u n i t  and by vacuum d i s t i l l a t i o n  i n  the  1 ton-per-day u n i t .  

I t  w i l l  d iscuss 

L iqu ids  a r e  the  u l t i m a t e  

For operat ions where the  vacuum bottoms p roduc t i on  

References w i l l  be made t o  bottoms process ing f o r  

The key fea tu res  o f  these p i l o t  p l a n t s  a r e  shown schemat i ca l l y  i n  F igu re  2. 

Both u n i t s  feed f rom a s l u r r y  h o l d i n g  tank 

The unconverted coal and 

Products a re  
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sp l i t  into naphtha and d i s t i l l a t e  us ing  f rac t iona t ion  towers on both units. 
of the d i s t i l l a t e  i s  used f o r  producing the  recycle solvent.  

This unhydrogenated d i s t i l l a t e  i s  introduced w i t h  molecular hydrogen in to  a con- 
ventional fixed-bed c a t a l y t i c  reactor.  The hydrogenation conditions a re  tailored 
to  produce the recycle solvent of the r igh t  spec i f ica t ion ,  and t h i s  donor solvent 
is  then used f o r  s lur ry ing  the crushed coal.  

In Figure 3 ,  one of the very important f indings obtained ear ly  in the bottoms re- 
cycle studies i s  shown. These data show t h a t  coal conversion with vacuum bottoms 
recycle i s  very sens i t i ve  t o  the  l iquefaction conditions.  
pyridine insoluble f r ac t ion  i n  the vacuum bottoms, on a DAF coal basis,  i s  plotted 
aga ins t  the hours of onstream p i l o t  plant bottoms recycle operations. This data 
is  f o r  West Virginia coal (Ireland mine) and was obtained from operations using the 
75 pound-per-day p i l o t  un i t .  As was discussed above, t he  75 pound-per-day p i lo t  
u n i t  u t i l i z e s  a batch s lu r ry  preparation technique. T h i s  i s  important because i t  
influences the amount of time required fo r  equi l ibra t ion  of the  bottoms stream. 
This i s  evident from the very early period of time when the bottoms recycle mode of 
operations was j u s t  s t a r t i n g .  During t h i s  period, the data show the pyridine in- 
solubles a r e  about 4-5% on a DAF coal basis.  As time progresses, the pyridine in- 
solubles a re  observed t o  be increasing w i t h  time. T h i s  i s  ind ica t ive  of r e t ro -  
gradive reactions taking place i n  the l iquefaction system and i s  a r e su l t  of the 
necessary hydrogen not being available f o r  quenching the reactive coal fragments. 
Consequently, the  formation of pyridine insolubles increased t o  an equilibrated 
level of about 8% as  the bottoms recycle operation was continued. In Figure 3 ,  
spot samples a r e  shown as points,  bars indicate periods during the operation used 
for  material balance purposes. During this period of time there was no observed 
change in coal conversion over tha t  observed from coal-only operations due t o  these 
retrogradive reactions taking place. After returning t o  coal-only operations in 
which the recycle of the bottoms was discontinued, the pyridine insolubles i n  the 
bottoms dropped back t o  t h e i r  previous level of around 4-5%. 

The data was i n i t i a l l y  puzzling b u t  in f a c t  helped in understanding the phenomena 
tha t  were occurring. 
to  hydrogen a v a i l a b i l i t y .  By increasing pressure and solvent-to-coal-to-bottoms 
r a t i o  a continuation of the low pyridine insoluble content in the bottoms product 
was realized. This i s  a l so  shown in Figure 3 and comes from the f a c t  t h a t  additional 
hydrogen i s  being supplied from the gas phase as  molecular hydrogen and from the 
l iqu id  phase due t o  the  higher level of donatable hydrogen present w i t h  the solvent. 
A t  the higher solvent r a t e s  and higher pressure t h a t  were employed i n  t h i s  successful 
bottoms recycle experiment, the coal conversion did increase. Discussion of the 
additional conversion from bottoms recycle will be presented i n  de t a i l  subsequently. 

This study has been expanded from the West Virginia coal t o  include other coals i n -  
cluding an I l l i n o i s  No. 6 coal and the Wyoming coal. 
ventional coal-only data a r e  shown i n  Figure 4. 

I n  Figure 4 ,  the 1000°F+ liquefaction conversion on a DAF coal basis obtained from 
the integrated p i lo t  plants i s  presented. Here both the coal-only and bottoms re- 
cycle operations unde r  EDS l iquefaction conditions a re  shown. H i g h  conversions f o r  
a l l  the  coals i n  the  range of 55-65% DAF coal a r e  obtained w i t h  coal-only operations 
with the exception of the I l l i n o i s  No. 6 Burning S ta r  coal.  These include b i t u m i n o u s ,  
subbituminous and l i g n i t i c  coals and confirm the  f a c t  the  EDS process on  a coal-only 
basis i s  applicable t o  a wide variety of coals.  
recycle operations show substantial  increases i n  the conversion of the coal f o r  th ree  
of t h e  coals:  the I l l i n o i s  No. 6 and West Virginia bituminous coals and the Wyoming 
subbituminous coal. 

Part 

I n  this f igure ,  the 

Ear l ie r  work had suggested the sens i t i v i ty  of bottoms recycle 

These data along w i t h  con- 

The i n i t i a l  data on the bottoms 
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In  F igu re  5, r e s u l t s  a r e  p rov ided  t h a t  show t h e  l i q u i d  y i e l d s  f o r  t h e  conversion 
cond i t i ons  t h a t  were discussed p rev ious l y .  Despi te  t h e  f a c t  t h a t  t h e r e  a re  d i f f e r -  
ences i n  l i q u e f a c t i o n  l i q u i d  y i e l d s  f o r  each o f  t h e  coals ,  a d d i t i o n a l  l i q u i d s  can 
be recovered from t h e  FLEXICOKING opera t i on  on the  bottoms t o  g i v e  t o t a l  l i q u i d s  of 
about 45-55% o f  DAF coa l  f o r  a l l  of t h e  EDS program coals .  
l i q u i d  y i e l d s  o f  t h e  same magnitude a r e  achieved f rom t h e  l i q u e f a c t i o n  step. 
Add i t i ona l  data w i l l  be for thcoming t o  d e f i n e  what a d d i t i o n a l  l i q u i d s  can be 
recovered from FLEXICOKING o f  vacuum bottoms from bottoms r e c y c l e  operat ions.  

I n  summary, p i l o t  p l a n t  s tud ies  have s u c c e s s f u l l y  conf i rmed t h a t  t h e  EDS process 
i s  f l e x i b l e  t o  process a wide v a r i e t y  o f  coals .  I n  t h e  75 pound-per-day u n i t  a l l  
Of  t h e  EDS p r o j e c t  coa ls  have been processed t o  h igh  y i e l d s  o f  l i q u i d  products .  
I n  t h e  1 ton-per-day u n i t ,  i n v e s t i g a t i o n  o f  t h ree  EDS p r o j e c t  coals  has confirmed 
the  l i q u i d  y i e l d s  f rom t h e  sma l le r  u n i t .  A d d i t i o n a l  s tud ies  t o  i n v e s t i g a t e  the 
remainder of the coa ls  a r e  planned u s i n g  t h e  1 ton-per-day p i l o t  p l a n t .  

I n i t i a l  p i l o t  p l a n t  s t u d i e s  i n d i c a t e  t h a t  bottoms r e c y c l e  may be an a t t r a c t i v e  mode 
Of operat ions.  This  i s  based on data from t h e  75 pound-per-day u n i t  f o r  t h r e e  
EDS p r o j e c t  coa ls - - the  I l l i n o i s ,  t h e  West V i r g i n i a ,  and t h e  Wyoming coa ls  and data 
from the  1 ton-per-day u n i t  f o r  t he  I l l i n o i s  and Wyoming coals .  
cuss ion o f  these data w i l l  f o l l o w .  

The p i l o t  u n i t  data i n d i c a t e  t h e r e  i s  a syngerism between h ighe r  pressure and 
bottoms r e c y c l e  which leads t o  the  h i g h e r  convers ion and l i q u i d  y i e l d s .  
autoc lave s tud ies,  a l t hough  n o t  covered here, i n d i c a t e  bottoms r e c y c l e  i s  genera l l y  
a p p l i c a b l e  under EDS c o n d i t i o n s  t o  a l l  t he  coa ls  discussed here. 

I n  F igu re  6, data showing the  product  d i s t r i b u t i o n s  f rom bottoms r e c y c l e  operat ions 
w i t h  I l l i n o i s  No. 6 b i tuminous coa l  f rom t h e  Monterey No. 1 mine i s  presented. The 
product  y i e l d s  i n  w t  % based on t h e  d r y  coa l  f e d  t o  t h e  u n i t  a r e  shown f o r  d i f f e r e n t  
ope ra t i ng  cond i t i ons  and f o r  t he  d i f f e r e n t  u n i t s .  
prev ious base s e t  o f  coa l -on l y  ope ra t i ons  which r e s u l t e d  i n  a l i q u i d  y i e l d  of  
approx imate ly  34% on d ry  coa l .  
a t  840°F, 60 minutes res idence t ime, a t  1500 pounds pressure. I n  t h e  bottoms 
r e c y c l e  mode o f  ope ra t i on  a t  2000 p s i  an a d d i t i o n a l  7% l i q u i d s  and an a d d i t i o n a l  
10% C1-C3 gas i s  obta ined.  
o f  about 3 w t  % on coa l .  
per-day u n i t  and s i m i l a r  r e s u l t s  a r e  obta ined from the  operat ions o f  t h e  1 ton-per- 
day u n i t  as shown i n  the  companion f i g u r e .  
t he  h igher  pressure. 
t h e  increase i n  C1-C3 gas. 
hydrogen consumption i s  t h e r e  a lso.  
the amount of C4-40D°F naphtha i s  observed compared t o  coa l -on l y  ope ra t i ons .  

I n  F igu re  7, s i m i l a r  data a r e  shown b u t  f o r  t h e  Wyoming subbituminous coa l  from the 
Wyodak mine. 
bo th  the  75 pound-per-day u n i t  and t h e  1 ton-per-day p i l o t  u n i t  a r e  shown. 
l i q u e f a c t i o n  c o n d i t i o n s  have been changed t o  800°F, 100 minutes. 
per-day u n i t  and f o r  coa l -on l y  ope ra t i ons  a t  1500 p s i  approx imate ly  29% l i q u i d s  a re  
obtained, f o r  coa l -on l y  ope ra t i ons  a t  2500 pounds the  l i q u i d s  a re  increased t o  
about 34%. For bottoms r e c y c l e  a t  2500 pounds an a d d i t i o n a l  7% l i q u i d s  were r e -  
covered t o  t o t a l  42% based on d ry  coa l .  
by a s i g n i f i c a n t  increase i n  the f r a c t i o n  i n  t h e  Cq-400 naphtha and a l s o  i n  the  
C1-C3 gas. As would be expected these increases a r e  accompanied by an increase i n  
hydrogen consumption as was observed w i t h  t h e  I l l i n o i s  Monterey coa l .  
t he  1 ton-per-day u n i t  g i ves  s i m i l a r  t o t a l  l i q u i d  y i e l d s  o f  around 43%. 
d i s t r i b u t i o n  i s  s l i g h t l y  d i f f e r e n t  i n  t h a t  t h e r e  i s  l e s s  o f  t h e  Cq-400 naphtha and 
l e s s  o f  t he  C1-C3 gas. 
ope ra t i on  w i t h  the  da ta  f rom 1500 pounds pressure opera t i on  f o r  t h e  Wyodak coal .  

For bottoms recyc le,  

A d d i t i o n a l  d i s -  

Small 

Comparison i s  made between a 

These y i e l d s  were achieved f o r  coa l -on l y  cond i t i ons  

Th is  i s  counterbalanced by increased hydrogen consumption 
These data have been taken from opera t i ons  o f  t h e  75 pound- 

Here we do have a d i r e c t  comparison a t  
No t i ce  t h a t  t h e  increase i n  l i q u i d s  i s  mainta ined a long w i t h  

I n  data from bo th  p i l o t  u n i t s ,  an increase i n  
As would be expected, t h e  corresponding i nc rease  i n  

The product  y i e l d s  f o r  coa l -on l y  and bottoms r e c y c l e  c o n d i t i o n s  from 
Here the 

From the  75 pound- 

The increase i n  l i q u i d  y i e l d s  i s  accompanied 

The data from 
The product  

Here the  comparison i s  data f rom 2000 pounds pressure 
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The r e s u l t s  i n  F igure 8 a r e  presented t o  show a wide range o f  f l e x i b i l i t y  w i t h  the 
bottoms recyc le  mode o f  o p e r a t i o n  t o  a l t e r  t h e  product  s l a t e  from e s s e n t i a l l y  an 
a l l  naphtha s l a t e  t o  one i n  which the  naphtha content  i s  approx imate ly  50%. One 
s e t  o f  data a r e  from t h e  75 pound-per-day u n i t  and one s e t  f rom the  1 ton-per-day 
u n i t  and i t  i s  expected t h a t  t h e r e  w i l l  be s l i g h t  d i f f e r e n c e s  i n  comparison b u t  
t h e  general theme o f  t h e  f l e x i b i l i t y  t o  change the  product  s l a t e  s i g n i f i c a n t l y  i s  
v a l i d .  Not ice t h a t  t h e  h i g h  l i q u i d  y i e l d s  t h a t  were shown p r e v i o u s l y  a re  mainta ined 
a t  t he  42-44 w t  % on a d r y  coa l  bas is .  The a l l  naphtha p roduc t  s l a t e  shows ac- 
companying h i g h  C1-C3 gas y i e l d s .  
naphtha i s  o n l y  about 50% and the  400-10OO0F l i q u i d  i s  on t h e  o rde r  o f  50%. For 
the  opera t i ng  cond i t i ons  l e a d i n g  t o  t h i s  product  s l a t e ,  t h e  gas i s  s u b s t a n t i a l l y  
reduced. 

I n  summary, t h e  EDS bottoms r e c y c l e  ope ra t i ons  impact on t h e  y i e l d  and product  
f l e x i b i l i t y  t h a t  can be ob ta ined  i n  t h e  EDS process. 
p rov ide  increased l i q u i d  y i e l d s  o f  about 8-10 w t  % on d ry  coa l  and the re  i s  a general 
t r e n d  toward a l i g h t e r  p roduc t  s l a t e .  
b i l i t y .  Resul ts  showing an  a l l -naphtha p roduc t  and a naphtha/ fue l  o i l  product  have 
been presented. A d d i t i o n a l  s tud ies  a r e  c u r r e n t l y  underway aimed a t  a n a p h t h a / d i s t i l -  
l a t e  product .  This would produce a product  o f  a l l  700°F- m a t e r i a l ;  p a r t  of which 
would be naphtha, p a r t  o f  which would be 400-700 d i s t i l l a t e .  The bottoms r e c y c l e  
mode o f  operat ions has been shown t o  be a p p l i c a b l e  t o  t h r e e  coals- - two bituminous 
coa ls  and a subbituminous c o a l .  
l i q u e f a c t i o n  s tud ies,  bottoms recyc le  should be a p p l i c a b l e  t o  a l l  coa ls  t h a t  a r e  
be ing i n v e s t i g a t e d  i n  the  EDS p r o j e c t .  
s tud ies .  

I t  i s  now approp r ia te  t o  r e t u r n  t o  t h e  d i scuss ion  o f  t he  vacuum bottoms produced 
from coa l -on l y  and bottoms r e c y c l e  operat ions.  
i n i t i a l  s tud ies  o f  bottoms r e c y c l e  operat ions f o r  t he  West V i r g i n i a  P i t t s b u r g h  
seam coa l ,  increases i n  p y r i d i n e  i n s o l u b l e s  due t o  r e t r o g r a d i v e  r e a c t i o n s  were 
o c c u r r i n g  a t  c o n d i t i o n s  n o t  optimium f o r  bottoms r e c y c l e  operat ions.  
shown i n  F igure 9 a re  f o r  t h e  I l l i n o i s  No. 6 bituminous coal  from b o t h  t h e  75 
pound-per-day p i l o t  u n i t  and t h e  1 ton-per-day p i l o t  p l a n t .  Fo r  a l l  operat ions,  
t he  p y r i d i n e  i n s o l u b l e s  a r e  approx imate ly  the  same; i n  t h e  range o f  about 16% of 
t he  1000°F+ organics i n  t h e  vacuum bottoms. The asphaltenes which a r e  the  benzene 
s o l u b l e  f rac t i ons  o f  t h e  bottoms a r e  on t h e  o rde r  o f  25-55% o f  the bottoms and the 
preasphaltenes are on the  o r d e r  o f  55-25% o f  t he  bottoms. 
r e c y c l e  a t  t h e  h ighe r  p ressu re  s i g n i f i c a n t l y  improves t h e  q u a l i t y  o f  t he  bottoms 
as shown by t h e  i nc rease  i n  asphaltene con ten t  o f  t he  bottoms when compared t o  
t h e  coal -on ly  bottoms. 
bottoms hand1 i n g  p r o p e r t i e s .  

A d d i t i o n a l  da ta  o f  t h i s  same na tu re  i s  shown i n  F igu re  10 f o r  t h e  Wyoming sub- 
bituminous coa l .  
P i l o t  u n i t  and the  1 ton-per-day p i l o t  p l a n t  i s  presented. 
day P i l o t  u n i t ,  t h e  da ta  a t  2500 p s i  show a d d i t i o n a l  increases i n  t h e  asphaltene 
con ten t  when bottoms r e c y c l e  i s  compared t o  coa l -on l y  ope ra t i ons .  
t h e  p y r i d i n e  i n s o l u b l e s  f o r  Wyodak bottoms a r e  h i g h e r  than f o r  t he  I l l i n o i s  bottoms 
and a r e  approx imate ly  20% o f  t he  DAF lOOO"F+ bottoms. 
i n  the  asphaltene con ten t  based on the  increased pressure; no te  t h a t  i n  t h e  data 
from t h e  75 pound-per-day p i l o t  u n i t ,  t he  asphaltenes i nc rease  f rom about 20% t o  
about 43% f o r  coa l -on l y  ope ra t i ons  by i nc reas ing  t h e  pressure f rom 1500 p s i  t o  
2500 Ps i .  A d d i t i o n a l  improvements i n  t h e  bottoms q u a l i t y  i s  obta ined by incorpo-  
r a t i n g  bottoms r e c y c l e  i n t o  the  opera t i ons .  A s i m i l a r  r e l a t i o n s h i p  f o r  t he  1 ton- 
per-day U n i t  i s  observed a l though  the  coa l -on l y  data a t  2000 p s i  i s  n o t  a v a i l a b l e .  

I n  F igu re  11, t he  r e s u l t s  o f  the improved bottoms cha rac te r  i s  shown. 
i n  t h i s  f i gu re  show the  vacuum tower bottoms v i s c o s i t y  i n  po ise,  measured a t  550°F 

For t h e  naphtha/ fue l  o i l  product  s l a t e ,  t he  

Bottoms r e c y c l e  operat ions 

Bottoms r e c y c l e  has p rov ided  product  f l e x i -  

As mentioned p rev ious l y ,  based on smal l  sca le  bench 

Th is  i s  an a d d i t i o n a l  t a r g e t  o f  t h e  c u r r e n t  

As d iscussed p rev ious l y ,  i n  the 

The r e s u l t s  

The use o f  bottoms 

T h i s  has l e d  t o  b e t t e r  p i l o t  p l a n t  ope ra t i ons  and improved 

Here a g a i n  comparison o f  data f o r  bo th  t h e  75 pound-per-day 
For  the  75 pound-per- 

I n  t h i s  f i gu re ,  

There i s  s i g n i f i c a n t  change 

The data 
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and 21 r e c i p r o c a l  seconds shear r a t e  as a f u n c t i o n  o f  t h e  amount o f  l i q u i d s  t h a t  
a r e  l e f t  i n  t h e  vacuum tower bottoms. 
b o i l i n g  i n  the  850-1200°F temperature range. 
data: 

I n  F igure 11, data from two d i f f e r e n t  pressure l e v e l s  a r e  be ing compared. 
e f fec t  of h ighe r  pressure on coa l -on l y  data would be t o  move t h e  coa l -on l y  cu rve  
d i r e c t i o n a l l y  toward the  bottoms recyc le  curve. 
a d d i t i o n a l  data, these data se ts  are no t  expected t o  be i d e n t i c a l .  
on t h i s  s l i d e  i n d i c a t e  t h a t  t he  cond i t i ons  o f  t h e  vacuum tower may be re laxed  t o  
g i v e  a s i m i l a r  amount o f  l i q u i d s  i n  t h e  bottoms f o r  bo th  coa l -on l y  and bottoms 
r e c y c l e  b u t  have a s u b s t a n t i a l  decrease i n  bottoms v i s c o s i t y  f o r  bottoms r e c y c l e .  

I n  F igure 12, s i m i l a r  data f o r  Wyoming subbituminous coa l  i s  shown. 
ove r lap  i n  t h e  two data se ts  which was no t  observed w i t h  t h e  I l l i n o i s  coal operat ions.  
The v i s c o s i t i e s  f o r  bottoms r e c y c l e  de r i ved  bottoms a re  considered t o  be comparable 
o r  lower than those f o r  coa l -on l y  de r i ved  bottoms. Here the re  i s  cons ide rab le  
s c a t t e r  observed f o r  t he  coa l -on l y  v i s c o s i t i e s .  This  i s  con t ras ted  t o  r e l a t i v e l y  
t i g h t  band of data f o r  bottoms r e c y c l e  operat ions.  This  consis tency of t h e  bottoms 
r e c y c l e  data compared t o  coa l -on l y  data on v i s c o s i t i e s  i s  i n d i c a t i v e  o f  t h e  r e l a -  
t i v e l y  un i form vacuum tower ope ra t i on  du r ing  bottoms recyc le .  The bottoms produced 
from bottoms recyc le  ope ra t i ons  w i t h  Wyoming coal  have e s s e n t i a l l y  t he  same v i s -  
c o s i t y  as the  bottoms from t h e  Monterey coal under coa l -on l y  cond i t i ons .  

A l t e r n a t i v e  t o  ope ra t i ng  the  vacuum tower i n  a manner t o  d e l i v e r  products  w i t h  a 
s i n g l e  l i q u i d  content  t h e r e  i s  t h e  o p p o r t u n i t y  t o  d e l i v e r  bottoms a t  a spec i f i ed  
v i s c o s i t y .  For  t h i s  case, t h e  bottoms from bottoms r e c y c l e  ope ra t i ons  w i l l  have 
l e s s  l i q u i d  assoc ia ted  w i t h  them compared t o  the bottoms f rom t h e  coa l -on l y  oper- 
a t i ons .  
r e c y c l e  as opposed t o  the  coa l -on l y  case. 

I n  summarizing, o p e r a b i l i t y  advantages have been observed du r ing  bottoms r e c y c l e  
s tud ies.  Smoother p i l o t  p l a n t  operat ions have been observed due i n  p a r t ,  t o  h ighe r  
asphaltene con ten t  o f  t h e  bottoms which i m p l i e s  fewer degradat ive reac t i ons .  
vacuum tower operat ions have been more s t a b l e  which p robab ly  f o l l o w s  from the  lower  
bottoms v i s c o s i t y  and h ighe r  asphaltene content .  Record opera t i ng  t imes i n  bo th  t h e  
75 pound-per-day u n i t  and t h e  1 ton-per-day u n i t  have been achieved w i t h  bottoms 
recyc le .  

Overa l l ,  t h e r e  a r e  b e n e f i t s  from bottoms r e c y c l e  operat ions bu t  t he re  a r e  s t i l l  
concerns t h a t  must be addressed. Bottoms r e c y c l e  ope ra t i ons  r e s u l t  i n  h ighe r  
conversions f o r  t h r e e  d i f f e r e n t  coa ls .  Bench sca le  l a b o r a t o r y  s t u d i e s  imp ly  
general coal  a p p l i c a b i l i t y  o f  t h e  bottoms r e c y c l e  mode o f  operat ions,  and t h e  
a d d i t i o n a l  coa ls  a re  under i n v e s t i g a t i o n .  Product  s l a t e  f l e x i b i l i t y  has been 
demonstrated and naphtha and naphtha/fuel o i l  p roduc t  s l a t e s  produced f r o m  oper- 
a t i o n s  o f  t h e  i n t e g r a t e d  coa l  l i q u e f a c t i o n  p i l o t  p lan ts .  Operat ing c o n d i t i o n s  
f o r  n a p h t h a / d i s t i l l a t e  p roduc t  s l a t e  a re  under i n v e s t i g a t i o n .  S i g n i f i c a n t  p i l o t  
p l a n t  o p e r a b i l i t y  b e n e f i t s  o f  longer ,  smoother ope ra t i ons  due t o  t h e  improved 
bottoms cha rac te r  have been observed. These b e n e f i t s  should t r a n s l a t e  i n t o  
o p e r a b i l i t y  advantages f o r  t h e  l a r g e r  250 ton-per-day p i l o t  p l a n t .  

Commercial a p p l i c a t i o n  o f  EDS bottoms r e c y c l e  w i l l  r e q u i r e  reassessment o f  t he  
process bases. The increased hydrogen consumption w i l l  r e q u i r e  reba lanc ing  o f  
t h e  hydrogenl fue l  supply. The processabi l i t y  o f  h ighe r  ash c o n t a i n i n g  streams 
w i l l  r e q u i r e  f u r t h e r  d e f i n i t i o n .  Due t o  the  a d d i t i o n a l  r e c y c l e  stream, h ighe r  
investment and opera t i ng  cos ts  w i l l  r e s u l t .  Here t h e  reduc t i on  i n  bottoms pro-  
duc t i on  i m p l i e s  on l y  one bottoms process ing technology would be necessary, b u t  
development o f  a l t e r n a t i v e  bottoms process ing technologies should be pursued t o  
ensure f l e x i b i l i t y  and r e l i a b i l i t y .  
a decoupling of process fue l  and hydrogen p roduc t i on  which should improve s t a r t u p ,  
o p e r a b i l i t y  and the  s e r v i c e  f a c t o r  o f  a c o m e r c i a l  f a c i l i t y .  

These l i q u i d s  a r e  cha rac te r i zed  as nomina l l y  
F igu re  11 shows two d i s t i n c t  se ts  of  

one f o r  coa l -on l y  a t  1500 pounds and one f o r  bottoms r e c y c l e  a t  2000 pounds. 

The 

Based on a smal l  amount o f  
The data shown 

I 

There i s  some 

This  would l e a d  t o  a d d i t i o n a l  l i q u i d  recovery f o r  bottoms f rom bottoms 

The 

The lower bottoms p roduc t i on  w i l l  a l s o  a l l o w  
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OPTIONS AVAILABLE WITH THE EOS PROCESS 

LIQUIDS 

fLD(IC0KIffi f RUlD COKING fLRL GAS 

COAL * PARTIAL OXIDATION "2 
F I I L  GAS 
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COAL CONVERSION SENSITIVE TO LIQUEFACTION CONDITIONS 
W I T H  BOTTOMS RECYCLE OPERATIONS 

WEST VIRGINIA BITUMINWS COAL (IRELAND MINE1 
1 I 1 I I I I 

75 LBIDAY PllDT UNIT DATA. 

1.61110.5 S I C I B  IDOMIN 
4 %  H2 ON COAL I x a  PSlG 

I 1.611 S I C  
im MIN I Y 4n ON COAL 
mu n i b  

2.41111 S I C I B  
' COAL ONLY ' OPERATIONS 
I 

I I 1 I I 
I I  I I 1 

0 im m 300 4Lm 
H W R S  ON B O l l O M S  RECYQE 

COAL RANK EFFECT O N  CONVERSION 

d 5 1M 

254 0 COAL ONLY OPERATION BOllOMS RECYCLE OPERATIONS 
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COAL RANK EFFECT ON LI(1UID YIELOS 

M 

5 5 1  

C M L  ONLY. LIQUEFACTION 
COAL ONLY, REXICOKING 
BOllOMS RECYCLE. LIQUEFACTION 

I 

EDS BOTTOMS RECYCLE IMPROVES LlOUlD YIELD 
AN0 PRODUCES A LIGHTER PROOUCT SLATE 

1 IlllNolS NO. 6 BITLMINOUS COAL 
IMONTEREY NO. 1 MINE1 

'5 LBlOAY PILOT UNIT 111 TONlDAY PILOT PLANT 
8Q)"F 
M M I N .  

- 
COAL Bonws COAL BOTTwu\S 
ONLY RECYCLE ONLY RECYCLE 
YXI psi ZLWpri Zmo psi ZLW psi 
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